September 29, 2008 6:10 WSPC/INSTRUCTION FILE chyun 



Modern Physics Letters A 

© World Scientific Publishing Company 



PARITY VIOLATION IN np WITH PIONLESS EFFECTIVE 

THEORY 



CHANG HO HYUN 

Department of Physics Education, Daegu University 
Gyeongsan 712-714, Republic of Korea, 
hch@ daegu. ac.kr 

JAE WON SHIN 

Department of Physics, Sungkyunkwan University 
Suwon 440-746, Republic of Korea 

SHUNG-ICHI ANDO 

Theoretical Physics Group, School of Physics and Astronomy, The University of Manchester, 
Manchester M13 9PL, United Kingdom 



Received (Day Month Year) 
Revised (Day Month Year) 

We consider a pionless effective theory with dibaryon fields for the description of the weak 
process involving two nucleons. We construct leading order Lagrangians that contain 
nucleon-dibaryon weak coupling constants. We calculate the physical observable in the 
photodisintegration of the deuteron at threshold and obtain the result in terms of the 
nucleon-dibaryon weak coupling constants. Relation to existing calculations is discussed. 
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1. Introduction 

It is quite recent that the effective fie ld th eory (EFT) has put its first step toward the 
realm of hadronic weak interaction. p^^i experiment to measure parity- violation 
(PV) effects in polarized neutron capture by a proton at LANSCE and its upgrade 
at SNS have evoked int erest i n exploring the PV phenomena in few nucleon systems 
in the context of EFT. I^MIS) ^he results obtained thus far indicate that EFT is a 
working machine for the study of the PV processes; perturbative expansion con- 
verges well in both interactions and transition operators. Inspired by the precedent 
success of the EFT in PV, we try to formulate the PV EFT as simple as possi- 
ble so that it will be feasible to explore various few nucleon PV phenomena with 
it. Pionless EFT with dibaryon fields has proven o ne of the most efficient EFTs 
applicable to few nucleon systems at low energies. EEEI py EFT with dibaryon 
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fields was already considered by Savage 1^, but only a part of more general pionless 
PV Lagrangian was accounted in tlie work. In this work, we construct pionless PV 
Lagrangian with dibaryon fields at leading order, and calculate the PV observable 
in ^7 — !■ np at threshold. We discuss how the present result can be compared with 
previous theoretical calculations. 



2. Theory 

PV dibaryon-nucleon-nucleon {dNN) Lagrangian can be written as 

AT 

where AT is the isospin change at the dNN vertex. For the two nucleon system, 

/-dNN _ rO I rl (o\ 
•'-PV -'-'PV ' -'-'PV \^) 

Because of the total angular momentum conservation, allowed transitions due to 
the PV interaction for the lowest angular momentum states are ^Sq ^Pq, and 
■^S*! ^ ^Pi due to £py, and "^Si ^ ^Pi due to Cl^. Introducing dimensionless PV 
dNN coupling constants h'^^, we have the PV dNN Lagrangians 

/:?v - ^-\,, 4^^^2^.r2r.- fv - V) iV (3) 
2v2pd"''-' ^ 



'AT 
"dNN 



for the isospin conserving part and 



tlN^a2T2^(y -v)^N + h.c, (4) 



h 



dNN 



2V^Pd rnJi'^ 



eijk 4 N'^a2crjT2T3 ^ (v - v) ^ + h.c (5) 



for the isospin changing one. Sj, and ti are the two-nucleon dibaryon fields in ^So 
and "^Si states, respectively, cr's and t's in Eqs. pi4l5p project the neutron-proton 
system into "^Pq, ^Pi and ^Pi states, respectively. 



3. Diagrams and Results 

An observable is the PV photon polarization defined as 

P. - (6) 

where cr+(_) is the total cross section with the photon of helicity +1 (—1). With 
PV interactions, P^ is given as 

P. = -2^, (7) 
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Fig. 1. Leading diagrams for d'y — + np process. Thick line represents the dressed dibaryon fields, 
thin line the nucleon and the wavy line the photon. Cross circle stands for PV dNN vertex, and 
the dNN vertices without any mark for the PC interaction. 



where A^mi and ^Af^i are the parity-conserving (PC) Ml and parity-violating El 
ampHtudes, respectively. PC Ml amp litude has been calculated very accurately in 
the pionless EFT with dibaryons '^^j and we employ the result in this work. 

Feynman diagrams for the process are depicted in Fig.[TJ It has been shown in the 
literature that the PV polarization depends on isoscalar and isotensor components 
of the meson-exchange PV potential. In our framework, isospin conserving weak 
Lagrangians given by Eqs. p|4p contribute to C^t^. In the diagrams (a) and (b), we 
have the initial '^S'l state, and ^Pi state is admixed in the initial state by the weak 
Lagrangian £p^, oc C^^\^Si) oc Since the leading El transition operator 

conserves the total spin, we have the PV amplitude from the diagrams (a) and (b) 
as 

A^a,b = ('^ol^iTPi) (8) 

where Ei is the El transition operator. For the diagram (c) we have a parity admix- 
ture in the final state, pPo) oc C^^^\^Sa) oc /Ij^n. We then have the PV transition 
amplitudes 

Xc = fPol^il'^i) (9) 

We employ the convection current operator of the nucleon for which is 
proportional to the nucleon momentum. Counting the order of on-shell momentum 
in each diagram, diagram (a) is suppressed to diagrams (b) and (c) by where p is 
the outgoing nucleon momentum. Consequently diagrams (b) and (c) give leading 
contributions, and we obtain the results in the p — > limit as 

^ CHTT^ pZ^, ^M.= ^-^^^,^^. (10) 

ao is the scattering length for the ^Sq scattering state, pd is the effective range for 
the ^Si bound state, and 7 = ^/miq B, where B is the deuteron binding energy. 
With the PC Ml amplitude obtained from the same theory, we have 

p "0 / "dNN "dNN (11) 

6^/2TrmNpd ki(1 - 097) - ^ao^'^' 

where ki = /iy/2 — 2.35 and Li is a low energy constant fixed from the np — > dj 
total cross section at threshold. 
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4. Discussion 

Using the pionless EFT with dibaryon fields, we calculated the PV polarization in 
d-f np at threshold. Though the use of the EFT makes the calculation simple 
and easy, physical meaning of the result is not as transparent as the one obtained 
from the meson exchange picture of the weak NN potential, so called the DDH 
potential HI. In order to better figure out the physical meaning of the present 
result, and eventually make the EFT a useful method for PV phenomenology, it 
is necessary to have the relation between the "new" and "old" languages. There 
are several steps to establish the connection. First, we have to relate the weak 
meson-nucleon coupling constants in the DDH potential to the PV dNN vertices. 
Starting point may be the pionful EFT. Expanding the pionful PV potential to a 
certain order, and then integrating out the pion degree of freedom, we obtain the 
relation between pionful and pionless theories. Second, we have to be cautious in 
treating the EM operators for the external photons. Most of the calculation in the 
literature assumes Siegert's theorem for the El operator. In Ref. [H it was shown 
that the PV asymmetry in np d-y with convection current (adopted in this work) 
overestimates the result with Siegert's theorem by a factor of 2.9. It was shown in 
the same reference that the meson-exchange terms strongly cancel the convection 
term contribution, and thus make the net result similar to the one with Siegert's 
theorem. Understanding the role of higher order operators may be crucial to put a 
bridge between pionful and pionless results. If the relation is well understood and 
thus the pionless EFT with dibaryon fields becomes an understandable language 
in the hadronic weak interaction, the method can be applied to a broader range of 
few-body PV phenomena. 
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